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Summary 

The  susceptibility  of  five  inbred  strains  of  mice  and  two  strains 
of  guinea  pigs  to  Coxiella  burnetii  infection  by  the  respiratory, 
intraperitoneal,  intratracheal,  and  intranasal  routes  was  studied.  The 
DBA/2J  mice  were  more  susceptible  to  infection  and  had  higher  mortality 
rates  than  the  other  strains  of  mice.  Guinea  pigs  were  more  susceptible 
to  infection  than  mice.  Lesions  observed  in  the  infected  animals  were 
similar  to  that  previously  described  in  man  and  in  experimentally 
infected  animals. 
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Many  domestic  and  laboratory  animals  can  be  infected  with 

Coxiella  burnetii  (1_- AJ , but  mice  and  guinea  pigs  are  considered  by 

most  investigators  to  be  the  experimental  animals  of  choice.  Both 

species  are  highly  susceptible  to  infection,  but  death  rarely  occurs 

in  either  unless  a high  concentration  of  organisms  is  employed. 

Diagnosis  of  the  disease  or  the  evaluation  of  immunoprophylactic  or 

therapeutic  measures  in  experimental  animal  models  is  based  upon 

febrile  response,  serological  conversion,  histopathological  examination, 

or  detection  of  rickettsiae  in  organs  from  these  animals.  A laboratory 

animal  which  would  succumb  to  moderate  doses  of  the  rickettsiae  would 

greatly  facilitate  studies  with  this  organism.  The  present  study  was 

designed  to  test  the  susceptibility  of  several  inbred  strains  of  mice 

and  two  strains  of  guinea  pigs  to  C.  burnetii  infection  by  the 

respiratory  and  parenteral  routes. 

The  Nine  Mile  strain  of  £.  burnetii  in  phase  I was  obtained  from 

the  American  Type  Culture  Collection.  A working  stock  of  rickettsiae 

in  50%  infected  yolk  sac  suspension  was  prepared  as  described  by 

Berman  e£  al . (_5 ) . The  titer  of  the  rickettsial  suspension  was 
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estimated  to  be  10  ' mouse  median  intraperitoneal  infectious  doses 
(MIPID50)  per  milliliter. 

Outbred  Hartley^  and  Moen-Chase^  strains  of  guinea  pigs  of  both 
sexes,  outbred  white  Swiss-ICR  female  mice^  and  five  genetically 
standardized  strains  of  inbred  female  mice  designated  as  DBA/IJ, 

Q 

DBA/2J,  C57BL/6J,  Balb/CJ  and  AKR/J  were  examined.  All  animals 

were  6-7  weeks  old  when  tested. 

Animals  were  exposed  to  either  10^  MIPID^q  of  rickettsiae  in 
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small-particle  aerosols  or  were  given  between  10  and  10  MIPID^q  of 


FOOTNOTES 

^ Obtained  from  Buckberg  Laboratory,  Tompkin  Cove,  NY. 

**  Obtained  from  CAMM  Research  Institute,  Wayne,  NJ. 

^ Obtained  from  Charles  River  Breeding  Laboratories,  Wilmington,  MA. 

g 

Obtained  from  Jackson  Laboratory,  Bar  Harbor,  MA. 
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rickettsiae  lntranasally  (l.n.)»  lntratracheally  (i.t.),  or 
intraperltoneally  (i.p.).  Control  animals  were  given  sterile  50% 
yolk  sac  suspension  by  either  the  i.n.  or  aerosol  routes. 

Small-particle  aerosols  (mass  median  diameter,  2 pm)  were  generated 
from  a suspension  of  C.  burnetii  by  a Collison  atomizer  (6)  into  a 
dynamic  aerosol  tube  transport  apparatus  (7_).  The  presented  dose  was 
computed  on  the  basis  of  the  MIPID^g/liter  of  aerosol  x minute 
respiratory  volume  of  the  animal  x the  duration  (min)  of  exposure  (8). 
Preliminary  tests  indicated  that  when  the  inoculum  was  given  i.n., 
no  rickettsiae  could  be  isolated  from  the  lungs  of  guinea  pigs.  To 
assure  that  rickettsiae  reached  the  lower  respiratory  tract,  the 
trachea  of  anesthetized  guinea  pigs  was  surgically  exposed  and  0.2  ml 
of  the  diluted  rickettsial  suspension  was  inoculated  directly.  Mice 
and  guinea  pigs  were  inoculated  i.p.  with  0.1  ml  and  0.2  ml  of  the 
diluted  organisms,  respectively.  All  animals  were  observed  daily  for 
overt  signs  of  illness  and  death. 

Blood  was  collected  from  surviving  animals  after  28  days  and 
tested  for  anti-C.  burnetii  antibodies  by  the  indirect  immunof luorescent 
antibody  (IFA)  technique  (9). 

Prior  to  infection  and  at  selected  intervals  after  infection, 
randomly  selected  animals  from  each  group  were  necropsied  and  various 
tissues  fixed  in  buffered  10%  formalin.  Tissues  were  sectioned  at  5-6 
pm  and  then  stained  with  hematoxylin  and  eosin  for  histologic 
examination. 
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Following  a 10  or  10  MIPID^  challenge,  illness  was  apparent 
in  all  strains  of  mice  and  guinea  pigs.  Animals  developed  clinical 
signs  such  as  roughened  fur,  lethargy,  excessive  thirst,  and  coryza 
3-7  days  postexposure,  and  these  signs  usually  persisted  4-7  days. 
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In  many  mice,  infection  was  still  evident  at  28  days  at  which  time 
the  experiment  was  terminated.  Only  2-11%  of  the  white  Swiss-ICR 
mice  died,  depending  on  the  challenge  route,  and  illness  was  observed 

g 

only  in  the  group  that  received  the  highest  dose  (10  MIPID^q).  All 
inbred  strains  were  more  susceptible  than  the  outbred  Swiss-ICR  mice 
as  indicated  by  higher  mortality  rates  (Table  1).  Few  deaths  occurred 
following  doses  of  less  than  10^  MIPID^q.  Because  the  DBA/2J  mice 
appeared  most  susceptible  to  i.n.  exposure,  their  susceptiblity  to 
10^  MlPID^g  of  airborne  rickettsiae  was  compared  to  that  of  the 
outbred  Swiss-ICR  mice.  The  DBA/2 J mice  became  overtly  ill  but  did 
not  die;  no  reaction  was  noted  in  the  Swiss-ICR  mice.  This  was  the 
highest  aerosol  dose  that  could  be  administered  practically  with 
available  equipment. 

Both  Hartley  and  Moen-Chase  strain  guinea  pigs  were  more 
susceptible  than  mice  to  the  lethal  effects  of  rickettsiae 
administered  by  i.p.,  i.t.,  and  aerosol  routes.  All  guinea 
pigs  of  both  strains  died  8-12  days  after  exposure  to  10^  MIPID^q 
in  aerosol.  Based  on  mortality  rates,  both  strains  of  guinea  pigs 
appeared  equally  sensitive  to  C.  burnetii . 

Lesions  observed  in  the  various  strains  of  mice  and  guinea  pigs 
were  similar  to  those  previously  described  in  experimental  animals 
and  man  (l-4_,  10) . Intrastitial  pneumonia  with  mononuclear  cell 
exudation  into  alveolar  spaces  occurred  between  7-14  days  in  both 
mice  and  guinea  pigs  regardless  of  the  route  of  infection.  Following 
infection  by  the  respiratory  route,  the  frequency  of  pneumonia 
observed  in  inbred  DBA/2J  mice  (13/15)  was  much  greater  than  for 
outbred  white  Swiss-ICR  mice  (5/15);  however,  we  could  not  detect 
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any  histopathological  differences  in  lung  lesions  that  developed 
in  the  two  strains.  Essentially  all  of  the  guinea  pigs  developed 
pneumonia  which  persisted  for  2-3  weeks  regardless  of  the  infection 
route.  Other  common  pathologic  findings  in  mice  and  guinea  pigs 
were  multifocal  hepatitis,  splenitis  and  lymphadenitis.  Minimal 
lymphocytic  myocarditis  with  lesions  around  vessels  or  in  myocardial 
interstitial  tissues  was  observed  in  some  infected  animals.  All 
mice  and  guinea  pigs  developed  anti-C.  burnetii  antibodies  of  1:50 
or  greater  28  days  following  challenge  regardless  of  the  route  of 
infection  or  the  infecting  dose. 

In  this  study  we  have  demonstrated  that  all  strains  of  mice 
and  guinea  pigs  tested  were  susceptible  to  infection  with  C_.  burnetii 
administered  by  various  routes.  Of  the  inbred  strains,  the  DBA/2 J 
mice  were  to  be  more  susceptible  to  infection  by  the  respiratory 
route  and  had  a higher  mortality  rate.  The  severity  of  lesions 
did  not  appear  to  be  related  to  dose. 
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TABLE  1 

Mortality  In  C.  burnetii  Infected  mice  and  guinea  pigs 


Number  dead/total 

* 

Dose, 

MIPID50  and 

Inoculation 

route 

io8 

io6 

Strain 

i.n. 

l.p. 

i.n. 

l.p. 

Mice 

DBA/1J 

1/10 

8/10 

0/10 

0/10 

DBA/2 J3 

19/50 

6/29 

4/29 

0/10 

AKR/J3 

1/40 

12/40 

0/40 

4/40 

C57BL/6J 

0/20 

14/20 

1/20 

3/20 

Balb/CJ 

1/20 

16/20 

0/20 

2/20 

Swiss-ICRa 

1/55 

6/55 

0/40 

1/39 

l.t. 

l.p. 

l.t. 

l.p. 

Guinea  pigs 

Hartley 

14/17 

9/10 

N.D.b 

1/10 

Moen-Chase 

5/  6 

5/  6 

2/  6 

1/  6 

Data  from  2-3  replicate  experiments  were  pooled. 
Not  done. 


